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( 57 (Abstract: 

PURPOSH: To obtain an ultraviolet-ray receiving device which has high sensitivity 
against ultraviolet ravs bv forming a diamond film bv svnthesi/ing a mixture of carbon 
monoxide and hvdrogen or a mixture of carbon monoxide and one kind selected from 
among hvdrogen. carbon dioxide, oxygen, and water bv a vapor growth method. 
CONSTITl T TION: A diamond film 4 is formed on the surface of a substrate 3 and an 

electrode 1 connected with a lead wire 5 is provided on the upper surface of the 5 10 

substrate 3. The substrate 3 is also used as an electrode and a lead w ire 6 is stuck to the - ,+ > , S} 

substrate 3. The diamond film 4 is synthesized by a vapor growth method by using a ^ ^ r / r 

mixture of CO and 1 1. or a mixture of CO and one kind selected from among 1 12. C( )2. 
( )2. and 1 12() as a gaseous stalling material. Therefore, ultraviolet-ray receiving devices 
w hich have various kinds of constitutions and can be used for various kinds of uses. & 
such as an optical, sensor having a small size and a sensitivity peak in an ultraviolet rays 
area. etc.. can be obtained. 
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DP TAII DESCRIPTION 



[Detailed Description of the Invention] 
|ouoi ] 

[Industrial Application] When this invention is said in more detail about an ultraviolet-rays light-receiving device and its 
manufacture method, it relates to an ultraviolet-rays light-receiving device small and useful as a photosensor which has the peak 
of sensitivity in an ultraviolet region. 

|U()(P] 

| Description of the Prior Art| A light-receiving device uses the change of electrical properties, such as generating of 
electromotive force, and resistivity (conductivity), a semiconductor property, or an electrochemical property by light, is a device 
w hich changes many properties concerning the light itself and light, such as a light energy and a lightw av e signal, and information 
into the amounts of main' [ electric ]. information, etc.. such as electric energy and an electric signal, and is used as a photosensor 
Copyright (Ck 1998.2OO0 Japan Patent Office decision of rejection] fsion of rejection or :;a sensitivity peak in an ultraviolet r 
section of a light sensitive cell, an exposure meter, and an optical-communication device, a spectral-analysis device, a radiation 
thermometer, a tlame eve. a spectrum analy/er. a color analv/er. a tlame detector, auto-focusing, an encoder, optical disk pickup, 
a position sensor, an optical switch, etc. in the photometric analysis device, the optical-intbrrnation-proeessing field, etc. 
[0<)03] In these light-receiving dev ices, generally, although high sensitivity is required from light, it also becomes often important 
to have high selectivity to the light of a certain specific w avelength region. For example, when it is called an ultraviolet-rays 
light-receiving dev ice, high sensitiv ity is shown to ultraviolet radiation, and it may be further required that it should have high 
selectivity to ultraviolet ravs as it is desirable to have the peak of sensitivity in an ultraviolet-rays field, for example, it reacts only 
to ultraviolet rays. 

[0004] Bv the way. as such a light-receiving device, although the photodiode of Si and Ga systems is marketed, that to which 
these have the peak of sensitivity in a visible region is most, and what show s sufficient high sensitivity for an ultraviolet-rays field 
is not know n now. Actually, although some of such photodiodes are marketed or proposed as an object for ultraviolet-rays 
detection, in addition, properties, such as sensitivity, are insufficient and the extensive improvement is needed. That is. this 
conventional kind of photodiode is dissatisfied for the use as an ultraviolet-rays light-receiving device. 
1 0005] On the other hand, as a high sensitivity detector in an ultraviolet-rays field, although the photoelectric tube and the 
photomultipher tube are used conventionally, these have a fault, like it is large-sized in comparison and operating voltage is high. 
[0006] Then, it is small and dev elopment of the ultraviolet-rays light-receiving device of high sensitivity, such as a photosensor 
which has the peak of sensitiv ity to an ultraviolet-rays field, is desired. 

[0007) By the way, research of a diamond element w hich recently used the diamond (polyerystal diamond film) compounded by 
the gaseous-phase method is done briskly, and expectation is attracted also to the use as a light emitting device or a photo 
detector. In the case of such a diamond element, especially an interesting point is a point of earn ing out blue luminescence. Then, 
since this invention persons had the diamond film effective in luminescence of the light with comparatively short wavelength, they 
thought that it was expectable also for the use as an ultrav iolet-rays light-receiving device, and performed the research study 
widely about a research report, a technical official report, etc. relevant to this. 

(0008] however, according to the results of an inv estigation, also about the research relevant to the light-receiving device and this 
using the diamond film Although it is good and there are also there being that [ no | to w hich the most carried out the object of the 
ultraviolet radiation for the visible region, but an example which has described the possibility as an ultraviolet-rays sensing 
element in inside It has not resulted in the ultraviolet-rays light-receiving device of practical use level m that case, either, and it 
became clear that even sufficient fundamental research is not performed. 

|0009| Tor example, reference **[S. It is CI 14 and 1 12 on Si base material of low resistance [ A. Grot, et al. J.Mater.Res . 5(11). 
and 2497( 1 990)] ]. A diamond film is formed bv the microwave plasma method using mixed gas. and the element of composition 
of coining to prepare a golden electrode on the diamond film is shown. 

[()(> 10 1 1 lowever. in this report, the evaluation wavelength held about this element is 0.X-2eV (wavelength of 020- 1 .550nm). and 
evaluation in an ultraviolet-ravs field is omitted. Moreover, in Schottky combination of gold / diamond film, a reverse bias is 
fundamentally impressed in this case, and it aims at basic physical-properties ev aluation called evaluation of internal photoelectric 
emission, and is not evaluation as a photo sensor. 

[001 1 | moreover, reference **[- C. -- P.Beetz and et [ ] - to al. If PP. and 206( 1990)] It is a diamond film (about 10-100 
micrometers of thickness) bv the gaseous-phase method (the heat filament method or microwave method) on the field of 
conductivity or an insulating base material i \V. Si< )2. Si. and Si 3N4 ). aluminum thin film or Au thin film (20nm of thickness) is 
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prepared as a Sehottkv bamer electrode which formed what doped H or N and was formed by the sputtering technique on this 
diamond film surface ( >n the other hand. ********** this base material bv the chemical etching method, and form puncturing 
( aperture i and a pail of tooth back of a diamond film is exposed to the rear-face side of this diamond film 1 he diamond element 
of the composition of having prepared the Ti Mo Au la\er as an ohmic electrode ail over the tooth-back side which contains the 
outcrop on a base-material side and the tooth back of a diamond film (base-material aperture i after that is indicated And it is \2 
from a Sehottkv barrier electrode side, impressing the bias voltage of 2* A' to this element The sub nanosecond pulse (about Ins 
of pulse width) of laser (wavelength of about 4(^nmi is irradiated, and the optical response characteristic (optical voltage 
response characteristic) of the element is evaluated Moreover, the possibility as a sensor to an X-ray. a charged particle, etc ot 
this element is also ev aluated 

[in i] 2 | I low ever, although evaluation which irradiated light (laser beam) from the aperture side of a base material in this case is 
not performed and the evaluation result of the above-mentioned light (about 4oOnmt and an above-mentioned X-ray is concretely 
indicated in detail in comparison bv this reference ** The result at the time of irradiating ultraviolet radiation is not indicated, and 
there is especially no publication of the evaluation result about the spectral sensitivity characteristic which is a property important 
as light-receiving devices, such as a photosensor, etc. Therefore, this element of w hether it has the peak of sensitivity to an 
ultraviolet-ravs field is unknown, and it is a question whether as a visible photosensor, practicality is fully shown as an 
ultraviolet-ravs light-receiving device at am rate. In addition, a this diamond film although there is no publication about the 
formation raw material of a diamond film in the case of this element, since it is unstated is CI 14 former most generally used. 1 12 
What was formed from the mixed raw material is presumed. 

[ool 3] furthermore, to reference ** [****. Kawarada. a horse. 1 hraki. the collection of the 5th diamond symposium lecture 
drafts, and P07 32-33 page (the December 5. I leisei 3 - said six days)] It is CI 14 on an alumina base material. 1 12 The element 
w hich formed the diamond film (polycrystal. particle si/e of about 1 micrometer) by the plasma CAT) method bv having used 
mixed gas as the raw material, and formed the platinum electrode by the RF magnetron sputtering system on the field of this 
diamond film is shown, and — this clement - a diamond film - a spectrum — an irradiation equipment - the w av elength of 
2OO-900nm. and on-the-strength W7cm2 of 0. 1 micro The four probe method is measuring and estimating change to the 
w avelength of resistivity, irradiating light. 

[0014] Moreover, it replaces with an alumina base material and a diamond film and a platinum electrode are similarly formed 
using Si base material, on the other hand, dissolution removal of a part of Si base material is carried out w ith the mixed liquor of a 
hydrofluoric acid and a nitric acid, and change of an absorbance to the same wavelength is measured and evaluated about the 
element which prepared puncturing (aperture). Consequently, it has found out that resistivity falls in optical irradiation of a high 
energy (short w av elength side) from the band gap (near near [ 5.5eV J =225nm) of a diamond, and that an absorbance increases 
in the wavelength field below near 225nm similarly. 

[001 5] I low ever, the variation (reduction) of the resistivity is as small as several %, and it is declared with this that it is also 
inapplicable as an ultraviolet-rav s sensing element. In addition, in the case of these elements, it is CI 14 in material gas. It is CH4 
although change of the above resistivity and an absorbance appears only in a 0.3% and low case comparatively (concentration). 
Since graphite is also intermingled in a diamond film if concentration is made high like 3%. it is also shown that most of those 
change is no longer seen. This has suggested the factor and bird clapper w ith important selection of a synthetic powder of a 
diamond film. 

[0016] further - again - reference **[-- L - to S.Pan, et al. Hxtended Abstracts Electrochemical Society Spring Mtg., Los 
Angels, and 159(1 989) ] A diamond film (polycrystal diamond particle si/e of about 1 micrometer) is formed by the plasma C VD 
method on Si base material. Puncturing (aperture) whose diamond film ********** c <j and exposed a part of tooth back of this Si 
base material is prepared, and the element of composition of having carried out the deposit of Ti and the Au as an electrode is 
shown. And impressing the electric field of 210 V/cm to this element, a laser pulse (an equivalent for 5.82eV= wavelength of 
2 13nm. pulse-size 5ns) is irradiated from a diamond film side, and the optical response characteristic (photoelectromotive-force 
response) is evaluated. Since it is indicated that evaluation by the 6 2eV laser pulse was also performed (however, this result is 
not shown ), how ever evaluation of the spectral sensitivity characteristic is not earn ing out in this case, it has come [ moreover. ] 
to judge the quality of the practicality ability as an ultraviolet-rav s light-receiving device Of course, it is unknown w hether this 
element has the peak of sensitivity in an ultraviolet-rav s field. Moreover, in the case of this element, from description of this 
reference **. there are manv points unknown about the composition of an element. For example, neither an electrode [ prepared / 
as having prepared Au electrode on the diamond film or Ti. and a two-layer electrode / in the tooth-back side of Si base material ] 
position nor composition can be judged, and there is no description about the Sehottkv barrier anyway. Moreover, although there 
is formation of a diamond film according to the plasma C VD method, there is no publication about conditions, such as the 
synthetic powder, means of plasma-i/ing. etc The diamond film in this ease since these description does not exist is probably 
former most general CI 14. 112 What is depended on the microw ave plasma method is presumed using mixed gas. 
[001 7] As mentioned above, although some attempts which are going to use the diamond film by the vapor phase synthetic 
method as a light-receiving device are made, even if it omits a light-receiving device and especially evaluations (spectral 
sensitivity characteristic, evaluation of the wavelength field of the peak of sensitivity, etc. ) in consideration of the practicality as an 
ultraviolet-rav s light-receiv ing device or is earn ing out. it has not resulted in realization of the element which has sufficient 
performance as an ultrav lolet-ravs light-receiving device. 

["" 1 S] Moreover, there is also almost no research on the effect which the synthetic powder of a diamond film to the property or 
performance of a light-receiving device does, and it is CI 14 at the example of the above-mentioned reference **. Although the 
effect of concentration is examined, practically sufficient result is not obtained, in addition, a diamond film -- CO and 1 12 from -- 
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about the technology itself which carries out the raw material of the becoming mixed gas. and is made to form on | various ] a 
base material bv the vapor phase synthetic method, already, it is well-known and some detailed reports are made This C( ) and 1 12 
The attempt which uses for various kinds of uses the diamond film which carried out the raw material, and which was formed by 
various kinds of vapor phase synthetic methods is also made 1 low ever, a light-receiving device and especially a concrete 
examination of using for the use of an ultraviolet-ravs light-receiving device were not conventionally made in this 
1 1 '''I ^ \ this invention is made based on the aforementioned situation The purpose of this invention is a light-receiving device 
using the diamond film formed by the vapor phase synthetic method, and is to offer the ultraviolet-rays light-receiving device of 
various kinds of composition which can be used suitable for various uses, such as a small highly etTicient photosensor and a small 
photosensor (especially advantageous sensor as a ultraviolet sensor etc i which has the peak of sensitivity to an ultraviolet-ravs 
field especially. 
|( )()2* i] 

| Means lor Solving the Problem] this invention person is mixed gas (with the mixed gas of CO and 1 12. and CO and 1 12 i which 
contains CO and 1 12 at least on the field of the base material which has the conductivity of a metal, a semiconductor, etc . or an 
insulating base material, as a result of repeating research wholeheartedly that the aforementioned purpose should be attained. 
C02 and 02 And much more diamond film is formed at least by various kinds of gaseous-phase methods by making into material 
gas the mixed gas w hich is chosen from the group w hich consists of 1 12 O and w hich contains a kind at least. Prepare puncturing 
(aperture) in the form where remove a pail of this base material from the tooth-back side of a diamond film according to a case, 
and a part of field by the side of the base material of a diamond film is exposed, or Or an electrode is prepared on the field of a 
diamond film at least, w ithout preparing puncturing. The element of various kinds of composition obtained by preparing an 
electrode in other fields other than a diamond film if needed found out the light-receiving device (light-receiving device w hich 
shows high sensitivity to ultraviolet rays especially) and bird clapper which fully satisfy the aforementioned purpose. 
[0021 ] CO and H2 of the above [ a diamond film ] If it formed by the vapor phase synthetic method using the material gas to 
contain and the diamond film had joined at least a kind of base material and a kind of electrode at least, it also checked that could 
cam- out the design change of the composition of an element to various things according to the purpose of use etc.. and it could 
manufacture by various kinds of manufacturing processes 

[0022] Namelv. while invention given in this application claim 1 joins a diamond film on conductivity or an insulating base 
material It comes to prepare an electrode on this diamond film at least, this diamond film Mixture, or the carbon monoxide, the 
hvdrogen and the carbon dioxide of a carbon monoxide and hydrogen. It is the ultraviolet-rays light-receiving device w hich is 
compounded bv the gaseous-phase method and characterized bv the bird clapper at least bv using as a raw material mixture with a 
kind chosen from oxvgen and the group w hich consists of w ater. Invention according to claim 2 on conductiv ity or an insulating 
base material Mixture, or the carbon monoxide, the hydrogen and the carbon dioxide of a carbon monoxide and hydrogen. It is the 
manufacture method of the ultraviolet-rays light-receiving device characterized bv forming a diamond film bv the gaseous-phase 
method, and joining an electrode on the formed diamond film at least bv using as a raw material mixture w ith a kind chosen from 
the group w hich consists of oxygen and water. 

[0023] In this invention, the aforementioned base material can take various kinds of composition w hich consists of various kinds 
of monolayer or two or more layers of the quality of the material according to a use. a kind. etc. of light-receiving device w hich 
are made into the purpose. This base material may have conductivity, and may have a semiconductor property, and an insulating 
thing is sufficient as it. or it may be these arbitrary complex further. As a base material specifically For example, Si wafer, 
germanium, a diamond semiconductor, the base material which has the conductivity or half-conductivity which makes the start 
various kinds of metals, such as the base material and aluminum w hich consist of various semiconductors w hich make SiC ; GaAs, 
/aSe. etc. the start, W and Mo, stainless steel, and Cu. nickel, Ti. -- or — for example Various kinds of insulating base materials 
which make the start Si 3N4, an alumina, a diamond, the ceramics of SiC or others, an insulating diamond, etc., and a further On 
various kinds of conductivity or the front face of semiconductor nature material for example, an alumina, oxidization 
1 IAFUMINIUMU. The base material in which insulating layers, such as insulating oxide films, such as tantalum oxide and a 
silica, were prepared, the base material by which the layer which has conductivity, such as conductivity or semiconductor **** ? is 
prepared in the front face of an insulating material can be mentioned. 

[0024] In addition, semiconductor properties, such as an P-N property, may be suitably controlled by doping etc.. and the base 
material w hich has semiconductor properties, such as Si. can use what has a desired semiconductor property, selecting it suitably 
For example, various kinds of things, such as an P+Si wafer and an n-Si w at er, can be used also as an Si wafer In addition, w hen 
using a diamond as a base material as a material w hich constitutes a base material, as a diamond used for this base material, there 
is especially no limit and it can use suitably w hat w as manufactured by a natural thing and various kinds of natural synthesis 
methods. 

[0025] In addition, although an electrode is prepared in the base material in this invention it needed at one time of the production 
processes of the device made into the purpose, depending on the case, the conductive layer used as the element w hich can use the 
base material itself elfectivelv as an electrode, and constitutes a base material can also be used effectiv ely as an electrode, for 
example. 

[0(i2o| As for the ultraviolet-ravs light-receiving device of this invention, the diamond film is joined on the field of a request of 
the aforementioned base material. This diamond film is aforementioned C( ) 1 12. It comes to be compounded bv the gaseous-phase 
method using system material gas (namelv. mixed gas containing any one sort of the C( ). 1 12 or these. C( )2. ( )2. and 1 12 O. or two 
sorts or more i 

[002"] The diamond film prepared on this base material is aforementioned CO 1 12 You may have the multilayer structure which 
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ma\ consist of a diamond film monostromatic in which gaseous-phase composition was earned out by system material gas. and 
consists of two or more layers more than a bilayer. Moreover, these monolayers or the diamond film of multilayer composition 
ma\ be formed on the same synthetic conditions, and niav be formed on dilferent conditions ( )f course, this diamond dim may be 
a diamond film of the monolayer structure which consists of a doping i doped > film which perfomied doping of the film w hich 
does not dope non-doped < undoped i. or a request, or may be a diamond film of the multilayer structure w hich consists ot two or 
more layers which combined these either or both sides 

|o<)2N] It sets to this invention and is C( ) and 1 12 Mixed gas. or C( ) and 1 12 It is important to use the diamond film compounded 
b\ the gaseous-phase method at least by making into material gas the mixed gas w ith a kind chosen from the group which consists 
of C< >2. ()2. and 112 (). 

[( m »29] What fully refined the producer gas w hich there is no limit especially as the above C( ) used as one component of the 
aforementioned raw material, tor example, coal, corks, etc air. or a steam is made to react at the time of heat, and is obtained, and 
water gas can be used 

|0(),so] Above 1 12 What fullv refined what there is no limit especially even if it attaches, for example, is obtained according to 
electrolysis of conversion, such as gasification of petroleum, natural gas. and water gas. and water, the reaction of iron and a 
steam, the complete gasification of coal. etc. can be used 

[ ( m ) 3 1 ] Thev are CO and the above 1 12 as material gas When using mixed gas, it is preferably desirable [ the content of CO gas ] 
that n is more than 5 capacity % still more preferably more than 3 capacity % more than 1 capacity %. If there are few contents of 
C( ) gas in the aforementioned mixed gas than 1 capacity %. even if a diamond does not generate, or it will obtain w ith diamonds 
and w ill generate, the rate of sedimentation is remarkably small. 

[0032 1 There is no limit especially as above CO 2. 02. and 112 O. and commercial gas can be used. 

[0<>33 | It is CO and 1 12 as material gas. When using at least the mixed gas with a kind chosen from the group which consists of 
C02. 02. and 1 12 O. the content of CO gas is more than 5 capacity % still more preferably more than 3 capacity % preferably 
more than usual 1 capacity %. and it is 1 12. The content of gas is below 95 capacity % still more preferably below 97 capacity % 
preferably below usual 99 capacity %. moreover, the content of the gas constituents chosen from the group w hich consists of 
C()2. 02. and 1 12 O - usually - 0.01 to 30 capacity % - desirable - 0. 1 to 10 capacity % - it is 0. 1 to 5 capacity % still more 
preferably A diamond can be made to generate efficiently if the content of these gas constituents is in aforementioned within the 
limits, respectively. 

[0034] As this gaseous-phase method, it can cam out bv various kinds of conventional vapor phase synthetic methods, and the 
method bv CVD is adopted suitably especially. As CVD w hich carries out gaseous-phase composition of such a diamond film and 
which is law on the other hand, various methods, such as a microwave plasma CVD method, a RF plasma CVO method, heat 
filament CVD. and a DC arc plasma CVD method, are learned, for example. In the method of this invention, since any of these 
methods are applicable, a microwave plasma CVD method, a RI ; plasma CVD method, heat filament CVD. etc. are applied 
especially suitably. 

[0035] When adopting these gaseous-phase methods, inert gas can also be used as a earner of the aforementioned material gas. 
As an example of inert gas. argon gas. neon gas. gaseous helium, xenon gas. nitrogen gas. etc. are mentioned. These may be used 
bv kind independent and may be used combining two or more soils. 

[ 0030 ] the case where a plasma CVD method is used, for example although it cannot generally determine, since the temperature 
of the front face of a base material changes with excitation meanses of the aforementioned material gas w hen compounding a 
diamond bv the gaseous-phase method -- usually — room temperature - 1 ,200 degrees C is 450 degrees C - 1.100 degrees C 
preferably The rate of sedimentation of a diamond may become ( this temperature ] slow from a room temperature at a low case, 
or the carbon of an excitation state may not generate On the other hand, w hen higher than 1 .200 degrees C, the diamond 
deposited on the base material may be shaved by etching, and improvement in the rate of sedimentation may not be found, 
reaction pressure — usually -- 10-6 - 103 torr — it is 1 - XOOtorr preferably The rate of sedimentation of a diamond does not 
become [ reaction pressure ] slow rather than 10-6torr at a low case, or a diamond stops depositing. On the other hand, even if it 
makes it higher than 103 torr. the effect equivalent to it is not acquired. 

[0037] It is [ that what is necessary is just to make into suitable thickness suitably thickness of the aforementioned diamond film 
made to form according to the purpose of use etc. ) good to usually select in the range of 1 - 100 micrometers in this meaning, 
although there is especially no limit. Bv fully not obtaining the covering effect by the diamond film, if this thickness is loo thin not 
much, on the other hand, w hen too not much thick, secession of ablation of a diamond film etc. may arise depending on a service 
condition. 

[003X] What is necessary is just to form a monolayer or the diamond film of two or more layers on a predetermined base material 
as mentioned above. 

[0039] Moreover, it is good for giving the property as a semiconductor to this diamond film to excite the impurity for doping with 
the aforementioned material gas. and to contact the plasma acquired to a base material. 

[OO40] As this impurilv for doping, various kinds of w ell-know n elements etc can be used. For example, in order to obtain n type 
pohciTstal diamond thin film for example, in order to use suitably phosphorus compounds (preferably P 2< )5. a phosphoric acid, 
and PI 13. especially preferably P 2( )5 and PI 13 > etc. and to. obtain p type polycrystal diamond thin film on the other hand A boron 
compound (preferably B-2 ( )3. a boric acid, and B-2 1 16. especially preferably B-2 ( )3 and B-2 1 10 > etc can be used suitably. 
[( >04 1 ] P2 ( )5 used here in ease n type polyervstal diamond thin film is obtained 1 13 P( )4 and PI 13 etc -- the addition of 
phosphorus compounds Although it cannot set uniformly since it is dependent on other conditions, such as phosphorus 
compounds to be used, a kind of ketone, composition of material gas. and synthetic conditions of a diamond, usually P2 ( )5 to the 
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carbon atom in material gas 1 13 P( )4 and LI 13 etc -- the Lynn atom m phosphorus compounds -- comparatively, by the mole 
ratio, it is adjusted so that it may become a range about L» - 0 »4 ppm 

>42| moreo\ er. B-2 ( )3 used m case p tvpe polycrvstal diamond thin film is obtained and B-2 1 lh etc -- the addition of a boron 
compound Although it cannot set uniformly since it is dependent on other conditions, such as composition of the boron compound 
to be used or the material gas to be used, and synthetic conditions of a diamond thin film, usually H-2 03 to the carbon atom m 
material gas. and H-2 1 1(> etc — the boron atom in a boron compound -- comparatively, by the mole ratio, it is adjusted so that it 
mav become the range of 1< i - 1< >4 ppm 

1 1 m 1-4- 3 j in addition, m preparing the diamond film which consists of two or more layers on the alorementioned base material 
I 'suallv. it is aforementioned C< ) 1 12 in all these diamond layers Although it is desirable to form by the vapor phase synthetic 
method using system material gas. more generally the inside of these layers — not necessarily -- all — a layer — aforementioned 
CO 1 12 it does not consider as the gaseous-phase synthetic-diamond film made into system material gas — also coming out — in 
the range which is good and does not check the purpose of this invention for some layers of two or more of those layers if needed 
for example. CI 14 1 12 from -- it is good also as a diamond film obtained by other methods, such as a **** vapor phase synthetic 
method lor carbon source gas of other kinds, such as becoming mixed gas 

[0044] The electrode of the quality of the material with the ultraviolet-rays light-receiving device of this invention suitable on the 
field of the aforementioned diamond film prepared on the aforementioned base material at least is prepared. This electrode may be 
prepared on the field ( tooth back of the aforementioned diamond film) of the diamond film w hich may prepare on the field (a base 
material is the field of the diamond film of an opposite side) of the side front of the aforementioned diamond film, or remov ed a 
part of base material like the after-mentioned, and w as exposed, and may be prepared on the both sides of the field of the table, 
and a tooth back so that it mav mention later, moreov er, cases, such as composition of an element. -- responding -- the electrode 
of further the request to ev en thing but the aforementioned electrode -- also preparing -- it is good The desirable quality of the 
material, number, and plane of composition of these electrodes can be suitably selected according to the composition of an 
element, and mention later about these points. 

[0045] Various kinds of composition can be used for the ultraviolet-rays light-receiving device of this invention according to an 
element kind, the purpose of use, etc Below, the example of typical element composition is given and explained. 
[ WH6| ^'' a " in .^ I i s cross-section explanatory draw ing showing the element composition as a desirable example of the 
ultraviolet-ravs light-receiving device of this invention. 

[0047] In this example, the diamond film 4 is tunned on the field of a base material 3. and the electrode 1 is formed on the field of 
the side front of this diamond film 4. In the case of this example, as a base material 3. w hat has conductivity or a semiconductor 
property is used. 

[0048] Lead w ire 5 is connected, on the other hand, this base material 3 is used for the electrode 1 joined by the field of the 
diamond film 4 in the form w hich served as the electrode, and lead w ire 6 is joined to it. Such lead w ire 5 and 6 is connected to a 
predetermined external circuit or a predetermined ground, respectively at the time of the use at least. The method which usually 
impresses and uses the suitable positive bias voltage (it corresponds to the reverse bias of Schottky combination) for an electrode 
1 is suitably adopted in that case. In addition, when using the element of this example as a ultraviolet sensor etc., the irradiation 
light 10 is usually used in the form irradiated from the field of the side front of the diamond film 4. Therefore, it is desirable to use 
for an electrode 1 the things (thing of a translucency etc.) of the quality of the material which usually have transparency in this 
case. 

[W^9] Draw ing 2 is cross-section explanatory draw ing showing the element composition as a desirable example of the 
ultraviolet-rays light-receiv ing device of this invention. 

[0050] In this example, the diamond film 4 is formed on the field of a base material 3. a part of this base material 3 is removed, 
and the puncturing aperture 7 is funned. The electrode 1 is formed on the field (field of the side front of the diamond film 4) of 
this diamond film 4. In the ease uf this example, as a base material 3. what has cunductivity ur a semiconductor property is used. 
Lead wire 5 is connected, on the other hand, this base material 3 is used for the electrode 1 joined by the field of the diamond film 
4 in the fonn w hich served as the electrode, and lead w ire 6 is joined to it. Such lead w ire 5 and 6 is connected to a predetermined 
external circuit or a predetermined ground, respectively at the time of use at least. The method which usually impresses and uses 
the suitable positive bias voltage (it corresponds to the reverse bias ot Schottky combination) for an electrode 1 is suitably 
adopted in that case. In addition, when using the element of this example as a ultraviolet sensor etc . like the irradiation light 10 
shown in drawing, irradiation of light mav be performed from the field of the side front of the diamond film 4. or may be 
performed like the irradiation light 1 1 from the field by the side of the tooth back of the diamond film 4. Although it is desirable to 
consider as the things (thing of a translucency etc > of the quahtv of the material which have transparency as for an electrode 1 
when based on the irradiation light 10. when based on the irradiation light 1 L an electrode 1 mav not necessarily be the thing of 
the quahtv of the material w hich has transparency. 

[ ( ) f) 51 ] Drawing 3 is cross-section explanatory drawing showing the element composition as a desirable example of the 
ultraviolet-rays light-receiving device of this invention 

[0052] In this example, the diamond film 4 is formed on the field of a base material 3. a part of this base material 3 is removed, 
and the puncturing aperture ~ is formed The electrode 1 is formed on the field (tooth back of the diamond film 4j of the diamond 
film 4 exposed to the portion of this puncturing aperture 7 . In the case of this example, as a base material 3. what has conductivity 
or a semiconductor property is used Lead w ire 5 is connected, on the other hand, this base material 3 is used for the electrode 1 
loined bv the field of the diamond film 4 m the form w hich served as the electrode, and lead wire 0 is joined to it. Such lead w ire 5 
and 6 is connected to a predetermined external circuit or a predetermined ground, respectively at the time of use at least 'I he 



http;. VAVw4.ipdl.jpo go jp.'cgi-bin'tran_web_cg 



method which usuallv impresses and uses the suitable positive bias voltage nt corresponds to the reverse bias of Sehottkv 
combination) tor an electrode 1 is suitably adopted m that case 

[oo53] In addition, when using the element of this example as a ultraviolet sensor etc . like the irradiation light 10 shown m 
draw ing, irradiation of light mav be performed from the field of the side front of the diamond film 4. or may be performed like the 
irradiation light i 1 from the field bv the side of the tooth back of the diamond film 4 In this example, although it is desirable to 
consider as the things i thing of a translucencv etc > of the quality of the material which have transparency as for an electrode 1 
when based on the irradiation light 1 1 as the direction of radiation of light, when based on the irradiation light lo. an electrode 1 
mav not necessarily be the thing of the quality of the material w hich has transparency. 

[ i x )54| Drawing 4 is cross-section explanatory draw ing show ing the element composition as a desirable example ot the 
ultraviolet-rays light-receiving dev ice of this invention. 

[oo55| In this example, it has element composition to w hich electrode 2a is joined on the field of the side front of the diamond 
film 4 of the element of composition of being shown in draw mg 3 In this case, although w hat has conductivity and a 
semiconductor property mav be used as a base material 3. according to a case, you may use an insulating base material Lead w ire 
5 and 6 is connected to I electrodes 1 and 2a. respectiv ely, and such lead wire 5 and 6 is connected to a predetermined external 
circuit or a predetermined ground, respectively at the time of use at least. The method which usually impresses and uses the 
suitable positiv e bias v oltage (it corresponds to the reverse bias of Sehottkv combination) for an electrode 1 is suitably adopted in 
that case. 

[0056] In addition, when using the element of this example as a ultrav iolet sensor etc . like the irradiation light 10 show n in 
draw ing, irradiation of light mav be performed from the field of the side front of the diamond film 4. or mav be performed like the 
irradiation light 1 1 from the field by the side of the tooth back of the diamond film 4. Although it is desirable to consider as the 
things (thing of a translucencv etc. ) of the quality of the material which have transparency as for an electrode 1 when being based 
on the irradiation light 1 1 as the direction of radiation of light in the case of this example, w hen based on the irradiation light 10. 
an electrode 1 mav not necessarily have transparency. Moreover, electrode 2a uses the things (transparent electrodes, such as an 
ITO film etc.) which have transparency, when based on the irradiation light 10. 

[0057 1 Drawing 5 is cross-section explanatory drawing showing the element composition as a desirable example of the 
ultraviolet-rays light-receiving device of this invention. 

[0058] In this example, the diamond film 4 is formed on the field of a base material 3. a part of this base material 3 is removed, 
and the puncturing aperture 7 is formed. The electrode 1 is formed on the field (field of the side front of the diamond film 4) of 
this diamond film 4. In the case of this example, as a base material 3. the thing w hich has conductivity or a semiconductor 
property, or the insulating thing is used, it crosses on the tooth back of this base material 3, and the field of the diamond film 4 
exposed to the portion of the puncturing aperture 7. and electrode 2b is joined. Lead wire 5 and 6 is connected to these electrodes 

1 and 2b. respectively, and such lead wire 5 and 6 is connected to a predetermined external circuit or a predetermined ground, 
respectively at the time of use at least. The method w hich usually impresses and uses the suitable positive bias voltage (it 
corresponds to the reverse bias of Sehottkv combination ) for an electrode 1 is suitably adopted in that case. In addition, w hen 
using the element of this example as a ultraviolet sensor etc.. it is good to cany out from the tooth back of the diamond film 4 like 
the irradiation light 1 1 which usually shows irradiation of light in draw ing. Therefore, in this case, as electrode 2b. what has 
transparency (transparent electrodes and translucent things, such as an ITO film) may be used, and, on the other hand, an 
electrode 1 may not necessarily have transparency. 

[0059] Drawing 6 is cross-section explanatory draw ing show ing the element composition as a desirable example of the 
ultraviolet-rays light-receiving device of this invention. 

[0060] In this example, the diamond film 4 is formed on the field of a base material 3. and an electrode 1 and electrode 2c are 
prepared on the field of the side front of this diamond film 4. In the case of this example, as a base material 3, what has 
conductivity or a semiconductor property may be used, and an insulating thing mav be used. As for the electrode 1 and electrode 
2c which are joined by the field of the diamond film 4. lead wire 5 and 6 is connected, respectively, and such lead wire 5 and 6 is 
connected to a predetermined external circuit or a predetermined ground, respectively at the time of use at least. The method 
w hich usuallv impresses and uses the suitable positive bias voltage (it corresponds to the reverse bias of Sehottkv combination) 
lor an electrode 1 is suitably adopted in that case. 

[0061 ] In addition, when using the element of this example as a ultraviolet sensor etc.. the irradiation light 10 is usually used in 
the form irradiated from the field of the side fr ont of the diamond film 4. Therefore, it is desirable for an electrode ] and electrode 
2c to use the things (thing of a translucencv etc.) of the quality of the material which usually have transparency in this case. 
Moreov er, v ou mav prepare each of electrodes 1 and tw o or more electrode 2c on the Held of the diamond film 4. Furthermore, if 
it is the arrangement which uses an electrode 1 and electrode 2c as the Cush form, and engages them mutually as shown in 
drawing 7 . however it forms in a non-contact state for example, it will become much more efficient. In addition, drawing 7 is 
tlat-surface explanatory drawing of the element which has the element composition shown in drawing 6 . and the same 
composition. 

[0062] It is CO/1 12 as the diamond film 4 w as described above in the example of the element shown in these drawing 1 - draw ing 

2 . It is made to form on a base material 3 using the vapor phase synthetic method using system material gas. and consists of a 
monolayer or two or more lav ers 

(0063] In addition, it faces forming a diamond film on the field of the aforementioned base material, and physical or surface 
treatment bv the chemical means may be beforehand performed suitably to the field of a request of a base material if needed 
[Of )64] The material which can use the thing of various kinds of quality of the materials if it has sufficient conductivity as this 
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electrode, for example, has the conductivity of the conductivity of metals (an alloy is sufficient), such as aluminum. Au. Cu. Ag. 
Ti. \V. and nickel various semiconductor materials, an IT( ) film, a NESA film, etc or a semiconductor oxide can be mentioned 
Also m these, aluminum. YY. Au. etc are usually desirable as an electrode of a metal system These electrodes are good also as 
multilayer structure if needed 

[0<)o5] In addition, the quality of the material, a character, etc of these electrodes are suitably selected according to a kind, 
composition, etc of an ultraviolet-ravs light-receiving device which are made into the purpose. As above drawing 1 -~ explained 
as an electrode prepared in the field side which irradiates irradiation light m case it is used, it is good to use the things < for 
example. thing of translucencies. such as transparent-electrode metallurgy group thin films, such as tor example, an IT( > film and 
a NESA film, etc i which fully have transparency. Moreover, as for at least one electrode (the example of drawing 1 - drawing " 
electrode 1 ). it is desirable for combination with a diamond film to be the Schottkv hairier among the electrodes prepared on a 
diamond film And as described above, it is desirable to use it. impressing the suitable positive bias voltage (it corresponding to 
the reverse bias of Schottkv combination) for this electrode (electrode 1 t. and the highly efficient ultraviolet-rays light-receiving 
device w hich has the peak of irradiation sensitivity to an ultraviolet-rays field 4<H)nm or less can be realized still more easily by 
earn ing out like this 

[00o6] The ultraviolet-rays light-receiving device of this invention can be used as the element w hich adds the component of 
further others other than the aforementioned base material, a diamond film, and an electrode if needed, and has various 
composition. For example, preparing an insulating film etc suitably on an electrode so that it may illustrate below is also adopted 
suitably. 

[0067 ] Drawing S -10 are cross-section explanatory draw ing of an example of the desirable clement composition of the 
ultraviolet-ravs light-receiving device of this invention, respectively. The element show n in drawing X among these is an example 
in which the insulator laver 9 is further formed on the electrode 1 of the element of composition of being shown in draw ing 1 
explained above, and the field of the diamond film 4. and in the example of this drawing 8 . since it uses it for the irradiation light 
10. irradiating from an electrode 1 (diamond film 4) side, as an insulator laver 9. what has transparency is used for it in this case. 
|()06K] The element shown in drawing 9 is an example in w hich the insulator layer 9 is further formed on the electrode 1 of the 
element of composition of being show n in drawing 5 explained above, and the field of the diamond film 4. and in the example of 
tms ^' avvtn ^ ^ - sincc 11 i- s Llse ^ lor lnc nradiation light 1 1 . irradiating from the electrode 2b (transparent electrodes, such as IT ( ) 
film) side of an electrode 1 and an opposite side, an insulator layer 9 mav not necessarily have transparency in this case. 
[0069] The element shown in drawing 10 is an example in which the insulator layer 9 is further formed on the field of the 
electrode 1 of the element of composition of being show n in drawing 6 or draw ing 7 explained above, electrode 2c, and the 
diamond film 4. and in the example of this drawing 10 . since it has indicated that it is used for the irradiation light 10 from an 
electrode 1 and electrode 2 (diamond film 4) side, irradiating, as an insulator layer 9. what has transparency is used for it in this 
case 

[0070] here -- as an insulator laver 9 — Si02. aluminum 203. and Si 3N4 etc. — the thing of various kinds of thickness which 
consists of various kinds of quality of the materials can be used What has this insulator layer 9 that w as illustrated to drawing X 
-10 of a more than can be especially used suitably from points, such as the protection nature of an electrode, and handling nature. 
[0071 J In addition, as a method of joining and preparing each electrode and the aforementioned insulator layers (insulator layer 9 
etc. ). such as the aforementioned electrode 1 and Electrodes 2a, 2b, and 2e, on a predetermined field, there is especially no limit 
and it can adopt various kinds of methods. Usually, these can be conventionally formed easily by the w ell-known 
forming-membranes methods (for example, a vacuum deposition, the ion plating method, a spatter, CVD. etc.). Even when 
forming an electrode using a bad material of transparency like a metal in that case, sufficient transparency can be acquired by 
setting the thickness to lnm - about 300nm. Of course, when transparency sufficient also by thick films, such as an ITO film, is 
acquired, it is good also as a thick-film object, and. in the case of the electrode which is not ****. transparency can be carried out 
as a thing of arbitrary thickness. 

[0072] Moreov er, before forming an electrode on the field of a diamond film, suitable surface treatment may be performed to the 
field of this diamond film if needed at least, for example, it is 1 12. After performing suitable pretreatment of plasma treatment etc.. 
the method of performing electrode formation is also suitably employable. 

1 0073) WTiat is necessary is just to use the method of removing a part of this base material, after forming the diamond film 4 like 
in the case of the clement of composition of being shown in drawing 2 -5 and drawing 9 which w ere explained above |. in order 
to prepare puncturing aperture 7 grade in a base material, various kinds of technique in w hich removal of such a portion of a base 
material is well-known — a line - although things are made, it can attain easily by usually performing processing by the suitable 
etching reagent for dissolution removal of base-material material, such as acid treatment, covering a predetermined mask (resist) 
over the base-material side 

[0074] The ultraviolet-ravs light-receiving device of this invention can be obtained easily as mentioned abov e. The 
ultraviolet-ravs light-receiving dev ice of this inv ention is aforementioned aforementioned CO/112 at least on a base material 
suitable in this w av It has the diamond film made to form using the vapor phase synthetic method by the specific raw material of 
using system material gas. Since an electrode (electrode 1 > suitable at least on the field of the diamond film is joined and it 
constitutes CI 14 / 1 12 Depending on this kind of the former using the diamond film compounded bv the vapor phase synthetic 
method bv system material gas of light-receiving device, the place which w as difficult to attain. The highly efficient 
ultraviolet-ravs light-receiving device which has the peak of sensitivity to an ultraviolet-ravs field, and has high sensitivity to 
ultraviolet ravs is easily realizable. 

[ofTs] That is. the ultraviolet-ravs light-receiving device of this invention can be used especially suitable for a photosensor and 
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various kinds of liclds as an ultraviolet photosensor etc. 
[ ,M '^I 

[Hxample| Although the example and its example of comparison of this invention are show n below and this invention is explained 
to it still more concretely, this invention is not limited to these examples 

[no"] (l:\ample 1 i This example is related with the ultraviolet-rays light-receiving device of composition of being shown in 
drawing i 

As a formation substrate of the diamond film to a substrate top. t 1 i About 15mm angle. After processing bv damaging bv 
uhrasomcating this substrate front face m the acetone which distributed the diamond gram using a p type low resistance Si 
substrate with a thickness of 350 micrometers (for 15 minutes >. The diamond film i polycrystal diamond film) whose thickness is 
about (v5 micrometers w as made to form in one side of this substrate by the microw ave plasma CYD method on condition that the 
following. The svnthetic conditions of a polvcrvstal diamond film are as follows. 

|(K)7S] <The composition condition of a polycrystal diamond film>. and reaction material gas: The mixed gas and substrate 
temperature TS of CO i supplv-tlow -rate lOSCCMi and 112 ( supply-How -rate 90SCCM) : 9nn degree C. reaction pressure 
P:4oToit. and svnthetic time t: lOhr 

[0079] (2) On the field of this diamond film of the substrate with a diamond film obtained bv the formation above (1 ) of an 
electrode, bv the vacuum deposition method, about 4\2mm and aluminum vacuum evaporationo film with a thickness of about 
3< >nm translucent enough were formed, this was made into the electrode (electrode 1 ). and the desired element was obtained. 
[00X0] (3) As shown in the element obtained by the evaluation above (2) of the wavelength dependency of the effective 
photocun ent density of an element, and the spectral sensitivity characteristic at drawing 1 1 Lead wire 5 is connected to aluminum 
electrode on the field of the diamond film 4 (electrode 1 ). This lead wire 5 was connected to the ground via DC power supply 12. 
on the other hand, lead w ire 0 was connected to Si substrate ( substrate 3). and this lead wire 6 w as connected to the ground via 
the ammeter 13 which can be recorded automatically bv computer. As shown in draw ing 1 1 and 12 to the evaluation equipment 
(fixed quantity of light irradiation equipment 14) of composition of being shown in drawing 1 2 . arrange the element which 
connected as show n in this draw mg 1 1 . and it is set on the follow ing measurement conditions. Irradiation introduction of the 
irradiation light 10 to w hich the spectrum of the fixed intensity outputted from this equipment 14 was earned out is earned out 
from aluminum electrode (electrode 1 ) side of this element at the diamond film 4. Measure photocun ent density w ith an ammeter 
1 3 about each wavelength, and. on the other hand, the dark current density when not irradiating the irradiation light 10 is also 
measured The difference ( photocun ent density-dark current density) of this photocurrent density and dark current density w as 
made into effective photocurrent density, measurement evaluation of the wavelength dependency of this effective photocunent 
density was carried out. and. on the other hand, it evaluated similarly, the wavelength dependency, i.e., spectral sensitivity 
characteristic, of radiant sensitivity. Measurement conditions are shown below. 

[0081 ] Applied- voltage:+2V and irradiation light intensity through which it passes a <measurement condition> and aluminum 
electrode (electrode 1): The number of photons 1 .0x101 3Photon/(mm2 s) 

- The w avelength region of irradiation light (scanning /one) : the graph shown in the curve A of draw ing 1 3 w as obtained as a 
w avelength dependency of 220nm - XOOnm. consequently the effective photocurrent density of this element, and. on the other 
hand, the graph show n in the curve B of draw ing 14 as the spectral sensitivity characteristic was obtained. 

[00X2] In addition, the horizontal axis of each graph of drawing 13 and drawing 1 4 shows the wavelength of the irradiation light 

10. the vertical axis of the graph of draw ing 13 expresses the common-logarithm value of numerical] in effective photocurrent 

density [ A/cm2 unit. and. in the vertical axis of the graph of draw ing 14 . a radiant sensitivity [unit expresses A/W]. 

[00X3] It turns out that this element that is an example of the ultraviolet-rays light-receiving device of this invention has the peak 

(the peak of a photocun ent. and peak of radiant sensitiv ity) of sensitivity to an ultraviolet-rays field w ith a wav elength of 4()0nm 

or less, and it moreover has high effective photocurrent density and high radiant sensitivity, therefore this element is excellent as 

an ultraviolet-rays light-receiving device so that clearly from the result show n in this draw ing 13 and drawing I 4 . 

[00X4] In addition, the dark current density in this case is 3.1x10-8 A/cm2. It also turns out that the leakage current at the time of 

the reverse bias of this element is remarkably small small [ it is remarkable and ] therefore. This point also show s that this 

element is the highly efficient ultraviolet-rays light-receiving device which has sufficient sensitivity and sufficient precision also to 

a taper remarkably. 

[00X5] In addition, drawing 1 2 is explanatory drawing showing the outline of the composition of the fixed quantity of light 
iiTadiation equipment 14 used for measurement / evaluation experiment of the above-mentioned property of an element. In 
draw ing 12 . the spectrum of the white light w hich came out of the light source 1 5 is carried out so that the light of timely 
predetermined wavelength may be outputted with the spectroscope 6 currently controlled by the host computer 2 1 and the 
w av elength controller 19. and the light of the w avelength by w hich the spectrum w as carried out is controlled so that output 
luminous intensity is not based on wavelength but becomes fixed bv this computer 2 1 and NO servo controller 20 grade. 
Therefore, like the above-mentioned measurement conditions, even if it changes w avelength in 220nm - XOOnm. the output light 
10 of fixed intensity, i.e.. the irradiation light to an element, is alw avs obtained. 

[ooxo] ( I Example 2 ) This example is related with the ultraviolet-rays light-receiving device of composition of being shown in 
drawing 2 . 

( 1 ) After processing bv damaging this substrate front face by ultrasonication among an acetone which distributed the diamond 
gram, using about 1 5mm angle and a p type low resistance Si substrate with a thickness of 350 micrometers as a formation 
substrate of the diamond film to a substrate top (for I 5 minutes), the diamond film (polycrystal diamond film) whose thickness is 
about 0.5 micrometers w as made to foim in one side of this substrate bv the microwave plasma CYO method on condition that the 
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following 

[oos~] <The composition condition of a poh cry stal diamond film>. and reaction material gas: I he mixed gas and substrate 
temperature IS of C( ) < supplv-llow-rate loSCCM \ and 1 12 < supply-tlou -rate 9( tSCCM \ : 9( in degree C. reaction pressure 
V .4i 'Torr. and synthetic time t: 1 < >hr 

[01 iSS ] 1 2 \ ( )rganic mask material was applied to the whole field except the predetermined portion on this rear face of a substrate 
of the substrate with a diamond film obtained bv the formation above ( 1 1 of the puncturing aperture according a pan to removal of 
Substrate Si. it processed bv the mixed solution of lluone acid and a nitric acid, and a pail of this predetermined substrate was 
removed, and the puncturing aperture was formed m the substrate so that a part of diamond film rear face might be exposed. 
Then, dissolution remov al of the organic mask material w as earned out bv the tnchlene. and the substrate w ith a diamond film 
which has the substrate of the configuration shown m drawing 2 or draw inn 1 5 was obtained 

[00S9] (3 ) ( )n the field of this diamond film of the substrate with a diamond film (what has a puncturing aperture at the rear face 
of a substrate) obtained bv the formation above 1 2 ) of an electrode, bv the vacuum deposition method, aluminum vacuum 
evaporationo film w ith a diameter [ of about 1mm ] and a thickness of about 500nm w as formed, this w as made into the electrode 
( electrode 1 1. and the desired element w as obtained. 

[OO^OI (4 ) As show n m drawing 1 5 . lead w ire 5 w as connected to aluminum electrode on the field of the diamond film 4 
(electrode 1 1. this lead wire 5 was connected to the ground via DC power supply 12. on the other hand, lead wire 6 was connected 
to Si substrate (substrate 3 ). and this lead w ire 6 was connected to the ground via the ammeter 1 3 w hich can be recorded 
automatically bv computer at the element obtained by the evaluation above (3) of the spectral sensitivity characteristic of an 
element. As opposed to the evaluation equipment (fixed quantity of light irradiation equipment 14) of composition of that the 
element which connected as shown in this drawing 15 is shown in drawing 1 2 As the irradiation light 10 shows drawing 1 5 . 
arrange so that the field (rear face) of the diamond film 4 may irradiate from the puncturing aperture 7 of the substrate in the 
opposite side of aluminum electrode (electrode 1 ). and it sets on the follow ing measurement conditions Irradiation introduction of 
the irradiation light 10 to w hich the spectrum of the fixed intensity outputted from this equipment 14 w as carried out is carried out 
at the rear-face side of the diamond film 4 of this element. Measure a photoeurrent w ith an ammeter 1 3 about each w av elength, 
and. on the other hand, the dark current w hen not irradiating the irradiation light 10 is also measured. The dilference 
(photoeurrent density -dark current density) of this photoeurrent density and dark current density was made into effective 
photocuirent density, measurement evaluation of the w av elength dependency of this effective photoeurrent density was carried 
out. and. on the other hand, it ev aluated similarly, the wavelength dependency, i.e.. spectral sensitivity characteristic, of radiant 
sensitivity. Measurement conditions are shown below. 

[0091 ] Applied-voltage:+2V and irradiation light intensity through which it passes a <measurement condition> and aluminum 
electrode (electrode 1 ): The number of photons 1.0x101 3Photon/(mm2 s) 

- The wavelength region of irradiation light (scanning zone) : the graph shown in the curve C of draw ing 13 was obtained as a 
w avelength dependency of 220nm - 800nm. consequently the effective photoeurrent density of this element, and. on the other 
hand, the graph shown in the curve I) of drawing 14 as the spectral sensitivity characteristic was obtained. In addition, the 
horizontal axis of each graph of drawing 1 3 and drawing 1 4 shows the wavelength of the irradiation light 10. the vertical axis of 
the graph of draw ing 13 expresses the common-logarithm value of numerical] in effective photoeurrent density [A/cm2 unit, and. 
in the vertical axis of the graph of drawing 14 . a radiant sensitivity [unit expresses AAV]. 

[0092] It turns out that this element that is an example of the element of this invention has the peak ( the peak of a photoeurrent, 
and peak of radiant sensitiv ity) of sensitivity to an ultrav iolet-rays field w ith a w avelength of 400nm or less, and it moreover has 
high effective photocunent density and high radiant sensitivity, therefore this element is excellent as an ultraviolet-rays 
light-receiving device so that clearly from the result shown in this draw ing 1 3 and drawing 1 4 . 

[0093] In addition, the dark current density 111 this case is 9.7x10-10 A/cm2. It also turns out that the leakage current at the time 
of the reverse bias of this element is remarkably small small [ it is remarkable and ] therefore. This point also shows that this 
element is the highly efficient ultraviolet-rays light-receiving device which has sufficient sensitivity and sufficient precision also to 
a taper remarkably. 

[0094] (Kxample 1 of comparison) It sets in the example 1 and is a diamond film synthetic powder CO and 112 It replaces w ith 
mixed gas and is CI 14. 1 12 Replaced w ith mixed gas (0.5% of CI 14 concentration), and the diamond film w ith a thickness of about 
6.5 micrometers w as formed, and also it produced similarly, and the element w as evaluated. Consequently, the graph of the 
spectral sensitivity characteristic w hich the graph of the w avelength dependency of the effective photocun ent density shown in 
curvilinear A' of drawing 13 is obtained about the element as this example of comparison, and is shown in curvilinear B' of 
drawing 14 was obtained. 

[0095] In addition, dark cunent density in this case (it is X. l\10-6 A/cm2. and it turns out that it is large much compared w ith the 
case of the element of an example 1. therefore the leakage cunent at the time of the reverse bias of this element is similarly large.) 
Thus, it is a diamond film CI 14 1 12 From the first ev en if | in the case of the element of the conventional type w hich formed mixed 
gas as a raw material / radiant sensitivity / as an ultraviolet-rays light-receiving device ] a photoeurrent value and radiant 
sensitivity were remarkably low. and had low sensitivity and it was as a light-receiving device, the dissatisfied thing was checked 
anew 

[000 o ] ( ) n th c other hand, it is CO and 1 12. the element, i.e.. the diamond film, obtained in the example 1 . It was checked still 
more clearly bv comparison w ith the element of this conventional type that the property as an ultraviolet-rays light-receiving 
device is remarkably excellent as the element which tormed mixed gas as a raw material described above 
[Of i97] Moreover, when the dark cuiTent density of the element obtained m the example 1 and the element of this example 1 of 
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comparison is measured, former one is much smaller than the latter. This is C( ) and 1 12 The direction of the diamond film which 
compounded the mixed gas of a system as a raw material is CI 14 1 12 It has suggested that it is much better than the diamond 
film which compounded the mixed gas of a svstem as a raw material, lor example, there are tew graphite components. 
|i H^N] i f'Aample 2 of comparison) It sets m the example 2 and is a diamond film synthetic powder C( ) and 1 12 It replaces with 
mixed gas and is C! 14 1 12 Replaced with mixed gas (»> 5"u of CH4 concentration?, and the diamond film with a thickness of about 
h 5 micrometer^ was formed, and also it produced similarly, and the element was evaluated Consequently, the graph ot the 
spectral sensitivity characteristic which the graph of the wavelength dependency of the effective photocurrent density shown m 
curvilinear C of draw mg ! o is obtained about the element as this example of comparison, and is shown m curvilinear I)' of 
drawing 1 4 was obtained. 

[< h In addition, the dark current density in this case is 1 .4\1<>-" A cm2. It turns out that it is large much compared with the 
case of the element of an example 2. therefore the leakage current at the time of the rev erse bias of this element is similarly large. 
Thus, it is a diamond film CI 14 1 12 from the first even if [ in the case of the element of the conventional type which formed mixed 
gas as a raw material / radiant sensitiv ity / as an ultraviolet-ravs light-receiving device ] photocurrent density and radiant 
sensitivity were remarkably low. and had low sensitivity and it was as a light-receiving device, the dissatisfied thing was checked 
anew . 

[ 0 1 00 ] On the other hand, it is CO and 1 12. the element, i.e.. the diamond film, obtained in the example 1 . It was checked still 
more clearlv by comparison w ith the element of this conv entional type that the property as an ultraviolet-rays light-receiving 
device is remarkably excellent as the element w hich formed mixed gas as a raw material described above. 
| u 1 ( ) 1 ] Moreov er, when the dark current density of the element obtained in the example 2 and the element of this example 2 of 
comparison is measured, former one is much smaller than the latter. This is CO and 1 12. The direction of the diamond film w hich 
compounded the mixed gas of a sv stem as a raw material is CI 14 1 12 It has suggested that it is much better than the diamond film 
w hich compounded the mixed gas of a sv stem as a raw material, for example, there are few graphite components. In the 
above-mentioned example, etficient-i/ation is further expected by optimizing the synthetic conditions of a diamond, structure of 
an element, etc. 
|0102] 

|l:lfect of the Invention] According to this invention, it is CO and 1 12 on a suitable substrate. The good diamond film formed by 
the vapor phase synthetic method by using the mixed gas of a system as a raw material is joined. Since it is considering as the 
light-receiving device of composition of coming to prepare an electrode on the field of this diamond film at least It is small, and 
especially, it can be small and the ultraviolet-ravs light-receiving device ot' various kinds of composition which can be used 
suitable for various uses, such as a highly efficient photosensor and a photosensor (especially advantageous sensor as a ultraviolet 
sensor etc.) which has the peak of sensitivity to an ultraviolet-ravs field, can be offered. 
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